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1. INTRODUCTION.
ATTEMPTS have been made by many workers to assess the general
character of a soil by measuring one property (or one group of properties)
thus specifying the soil by a single number, in place of the group of
figures obtained from a detailed mechanical analysis. Such measure-
ments will be referred to in this paper as "single value" determinations.
At present there is no accepted standard physical specification of soil
except its mechanical analysis by some recognised method, and this is
not a single value function. Although useful information can be extracted
from the mechanical analysis as to the probable field behaviour of the
soil and its general characteristics, the conclusions are not quantitative
or absolute: a good deal of personal judgment, based on previous
experience, must be exercised in the interpretations, and, to add to the
difficulty, many so-called standard methods do not secure complete
disintegration of the soil aggregates. The use of hydrogen peroxide,
introduced by Robinson (i), and now adopted in the British (2) and
International methods (3), has removed the latter difficulty, but Ode'n's (4)
noteworthy attempt to express mechanical composition as a continuous
function of particle size has not, as yet, overcome the serious inherent
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experimental error detected by Coutts and Crowther(5). It is therefore
still necessary to express the results of a mechanical analysis as a limited
number of groups of particles having specified diameter limits, and this
is a crude and unsatisfactory basis for a standard physical specification.
Numerous attempts have been made to use some single value basis
of specification. They have been based either on the measurement of
moisture content or moisture relationships under denned experimental
conditions, or on the colloidal properties of the soil. The hygroscopic
coefficient, moisture equivalent, and wilting coefficient, due largely to
Briggs and his associates, are among the well-known examples of the
former class whose significance has already been discussed by one of us (6).
To these may be added, as typical later, examples, the rate of evaporation
at a given moisture content(7), and the so-called "suction-force" of the
soil for water (8).
Measurements depending more or less on the colloidal properties of
the soil are its power of dye absorption (9), the heat of wetting (10), the
shrinkage of a kneaded block of moist soil(ii), and the "sticky point,"
defined as the moisture content at which kneaded moist soil just ceases
to adhere to external objects(12).
There are objections to the use of some of the above determinations
as single value constants.
The hygroscopic coefficient is an unsound conception, and the values
customarily reported are not equilibrium values at all (13). The wilting
coefficient was shown by the work of Alway(i4) and Shull(ifs) to be a
complex determination into which the soil, the plant, and the atmospheric
conditions all enter.
In spite of certain empirical details the moisture equivalent has
attractions as a single value measurement; Cameron and Gallagher(16)
showed that it was approximately equal to the practical "optimum
moisture content" for plant growth, and more recently Shaw(17) has
shown that the equilibrium moisture content in irrigated soil where no
ground water table exists is also equal to the moisture equivalent. The
fact that few soil laboratories can afford the cost of the apparatus led
us to exclude this determination from our present investigation.
The rate of evaporation at a given moisture content is not a suitable
measurement, for recent critical examination (18) shows that extreme care
is required to obtain reproducible results, and in any case they are
difficult to interpret. The work of Haines(i9) and R. A. Fisher (20) has
elucidated the true nature of the so-called "suction-force," and it is
evident that it will not serve for our present purpose.
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As originally introduced, measurement of dye absorption was based
on the theory of a simple physical adsorption, with the idea that com-
parisons of effective particle surface between different soils would be
possible; this concept has long since been abandoned. The same idea is
implicit in the heat of wetting determination; Bouyoucos (10 b) and other
workers have devoted much attention to this measurement, which has
some attractive features. However, the results of some work at Rotham-
sted, at present unpublished, led us to exclude it, for the time being,
from our list of suitable methods.
The shrinkage of a plastic block, and the sticky point measurement
were included in our investigations and are discussed below.
2. SCOPE OF THE PRESENT INVESTIGATION.
The single values selected for study were those that could be measured
with simple apparatus, and which were either known to be measuring
some definite soil characteristic or seemed to offer promise of doing so.
The determinations made were as follows:
Percentage of clay fraction1 (C).
Moisture content of air-dry soil (A).
Moisture content in equilibrium with atmosphere of 50 per cent.
relative humidity (R).
Loss on ignition of dry soil (I).
Moisture content at sticky point (S).
Haines' method for volume shrinkage (li c) was also used to obtain the
following derived quantities:
Moisture content of saturated block (m).
Pore space of oven-dried block (P).
Apparent specific gravity of block (a).
True specific gravity of block (/>).
Where necessary the suffixes o and p are used to distinguish between
values for original soils and those treated with hydrogen peroxide as
described immediately below.
The percentage of calcium carbonate in the soils was also determined.
A number of other measurements were made which are referred to
in the body of the paper.
1
 The experiments were completed before the Revised British Official Method of
Mechanical Analysis (Agricultural Progressive)) was adopted. The clay figures are those
obtained by the earlier method (Agricultural Progress (2»)). The values for the clay content
given in this paper are therefore less than they would have been with the new method,
but the differences are relatively small and do not appreciably affect any of the conclusions
that have been drawn.
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The most important feature of the present investigation, apart from
the careful selection of suitable single value determinations, was the
repetition of the measurements after the soils had been treated with
hydrogen peroxide. It is evident that both organic matter and the
mineral part of the soil are concerned to varying degrees in all single
value measurements, and until recently there has been no experimental
means of separately assessing the effects. For this purpose the use of
hydrogen peroxide appeared well worthy of extended trial, since, in any
single value determination, the difference in results for the original soil
and the peroxide treated soil would give a direct indication of the
contribution of the organic matter to the value. This implies, however,
that the peroxide is without effect on the mineral portion of the soil.
The assumption is not strictly true: a small amount of mineral material
is dissolved that comes principally from the clay fraction and consists
of mixed sesquioxide and a small quantity of silica (2«). It is not yet
definitely known whether the removal of this material appreciably alters
the physical and physico-chemical properties of the mineral portion of
the soil, but the available evidence is rather against this possibility.
In the present investigations, therefore, it has been assumed that
peroxide has removed humified organic material without affecting the
physical properties of the mineral part of the soil.
3. THE SOILS USED.
In all, 39 soils were subjected to the complete set of measurements
outlined above, both on original and peroxide treated samples. The soils
selected showed a wide range of type and properties, varying from heavy
clays to light sands, a number of samples from depths below the top soil
were also included, together with certain Rothamsted and Woburn soils
that differed widely in manurial treatment.
Prior to the experiments all the soils were air dried and passed
through a 1 mm. sieve with round holes.
Table I gives a descriptive list of the soils employed, which are top
soils unless otherwise stated.
4. DESCRIPTION OF METHODS.
Percentage of clay (C). This was determined on the old basis for this
fraction (settling velocity 8-6 cm. in 24 hours at 15° C.) in the usual way.
Air-dry moisture content (A), moisture at 50 per cent, relative humidity
{R) and loss on ignition (I). The air-dry moisture content was determined
in the ordinary way, the soil being heated 24 hours in a steam oven.
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Soil
No.
1
2
3
4
5
6
10
11
12
13
14
'Single Value" Soil Properties
Table I. List of soils used.
Locality
Cwybr Fawr, Bhyl, Wales, F. 86
Chwaen Goch, Llanerchymedd, Anglesey,
Wales, A. 132
Garforth, Yorks, 34
Garforth, Yorks, 113
Woburn, Stackyard Field. Unmanured
Woburn, Stackyard Field. Farmyard
manure
Rothamsted, Hoosfield Fallow. 9-18 in.
Rothamsted, Hoosfield Wheat. 9-13J in.
Rothamsted, Barnfield. Farmyard
manure. 0—9 in.
Rothamsted, Sawyers Field
Melchet Court
Craibstone, Aberdeen
Craibstone, Aberdeen
Craibstone, Aberdeen
15 Craibstone, Aberdeen
16 Vaynol, near Bangor, Wales
17 Deep excavation in Oxford Street, London
18 Wad Medani, Sudan
19 Mikveh, Palestine
20 Harpenden Common
21 —
22 Dagenham, Essex. 107
23 Dagenham, Essex. 107
24 White Roding, Essex. 72
25 White Roding, Essex. 72
26 Abbess Roding, Essex. 73
27 Abbess Roding, Essex. 73
28 Thundersley, Essex. 117
29 Thundersley, Essex. 117
30 Rochford, Essex. 127
31 Rochford, Essex. 127
32 Ardleigh, Essex. 162
33 Ardleigh, Essex. 162
34 Beaumont-cum-Moza, Essex. 172
35 Beaumont-cum-Moze, Essex. 172
36 St Osyth, Essex. 177
37 St Osyth, Essex. 177
38 Gt Wigborough, Essex. 183
39 Gt Wigborongh, Essex. 183
Type
Sandy loam; Triassic drift
Silt loam, Ordovician shales
Clay loam, Coal measures
Light loam, Coal measures
Light sand, Lower greensand
Light sand, Lower greensand
Heavy loam. Subsoil, Clay with flints
Heavy loam. Subsoil, Clay with flints
Heavy loam. Subsoil, Clay with flints
Heavy loam. Clay with flints
Sandy soil
Light sand. Limed, Granitic drift
Light sand. Unlimed, Granitic drift
Light sand. Limed subsoil, granitic
drift
Light sand. Unlimed subsoil, Granitic
drift
Raw subsoil. Heavy Carboniferous
Limestone clay
London clay
Gezira soil (badobe)
"Argileuze" (0-30 cm.)
Clay with flints
Kaolin (B.D.H. purified)
Recent gravel
Subsoil, recent gravel
Boulder clay
Subsoil, Boulder clay
Boulder clay
Subsoil, Boulder clay
Bagshot
Subsoil, Bagshot
Brickearth
Subsoil, Brickearth
Glacial loam
Subsoil, Glacial loam
Alluvium
Subsoil, Alluvium
Marsh alluvium
Subsoil, Marsh alluvium
London clay
Subsoil, London clay
The moisture content at 50 per cent, relative humidity was deter-
mined as follows:
About 10 gm. of the air-dry soil were placed in a squat weighing
bottle and exposed over sulphuric acid (density 1-3325 at 15° C.) in a
vacuum desiccator kept in a dark room at approximately constant
temperature. Equilibrium was assumed to be reached when the weight
did not change by more than 1 mgm. in 2 days. The weighing bottles
were then transferred to a second vacuum desiccator containing con-
centrated sulphuric acid and allowed to reach equilibrium as before.
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A portion of this dried soil was transferred to a silica basin, and
ignited in the muffle at a bright red heat, cooled and weighed.
The final weighings for the soil after reaching equilibrium in the
desiccators are probably accurate to two or three milligrams, and the
results are therefore reliable to about 0-02 per cent. The loss on ignition,
however, is far less accurate, and there is some uncertainty in the end
point even after prolonged ignition at bright red heat. Increasing the
period by successive three-hour periods up to 12 hours gave, in most
cases, increasing loss on ignition, but with certain soils there was some-
times an increase in weight when the time was lengthened, presumably
on account of the oxidation of some residual constituent of the soil.
On account of these fluctuations the accuracy of the final figures cannot
be higher than about 0-2 per cent.
Sticky point (S). Although with practice the recognition of this point
becomes an easy matter except for a few soils, the determination requires
a certain amount of care if the results of different observers are to be
comparable. Tests of this point are discussed separately below in
Section 5 (d). A large number of experiments were first carried out with
a small model mixing machine of the type used for dough and cordite,
in which two horizontal shafts furnished with paddles and placed at the
base of the machine, revolve inwards at different speeds. This machine
effects a very thorough mixing of the soil and added water, but was
unsuitable for our purpose because of the quantity of soil required (about
100 gm.) and the inconvenience caused by the dismantling and cleaning
of the apparatus between the determinations for each soil. After several
methods had been tried the following was adopted as standard: about
10 gm. of soil were spread in a thin layer on, a glass plate and distilled
water was added from a fine jet until the soil was definitely wet and
sticky. The mass was then worked into a paste with a knife spatula.
The wooden handled palette knife type with a flexible steel blade about
13 cm. long and 2\ cm. broad was found very suitable for this purpose.
The mass was then scraped from the plate and kneaded by hand until
the soil just reached the stage at which it no longer stuck to the hands or
the knife. At this stage it was possible to cut cleanly through the plastic
mass with the knife. As already mentioned, this point could with a little
practice be readily identified1.
1
 In the earlier trials with the mixing machine the attainment of this condition was
signalised by a perceptible oleaning-up of the metal base and sides of the apparatus, and
it was because this observation was less likely to be influenced by personal judgment than
the behaviour of the soil in the hands of the experimenter that-the machine was tried in
the first instance.
Journ. Agrio. Soi. xvnr 48
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A sample of the kneaded soil, after weighing, was dried in the steam
oven to determine the moisture content. At least two determinations
were made for each soil, and they did not generally differ from each
other by more than 1 per cent.
Determination of derived quantities from volume shrinkage experiments.
The volume shrinkage of the soil was determined by the method described
by Haines (ii c). From these data it is possible to calculate the pore
space (P) of the oven-dried block, and the apparent and true specific
gravities (a, p) of the block (either before or after oven drying). An
important characteristic of the shrinkage curve, depending upon the
type of the soil, is defined by the moisture content (m) at which the
first reading is taken.
Peroxide treated soils. With the exception of the air-dry moisture
content, and the mechanical analysis (in which the peroxide and acid
treatment were naturally used), the above observations were repeated
on the soils after treatment with peroxide. The treatment followed that
laid down in the British method of mechanical analysis (2 a), except that
no acid was used. The soils were washed, dried at room temperature,
and the dried cake was disintegrated with a wooden pestle.
5. DISCUSSION OP EXPERIMENTAL RESULTS.
The data obtained are shown in Table II. As a preliminary, scatter
diagrams were drawn to obtain some idea of the association between
possible pairs of the experimental quantities, and the rough conclusions
from these diagrams showed which associations were worth closer
examination. It will be convenient to discuss firstly a number of smaller
points before entering on the main examination of the data:
The moisture content (m) at the highest reading of the shrinkage
curve is not a very sharply defined point but it is obviously closely
related to the sticky point of the soil, and gives a high correlation with
that quantity. Hence the length of the shrinkage curve can most usefully
be defined by extrapolation to the latter value. Similarly the values for
the air-dry moisture content (A) are closely related to the equilibrium
moisture content at 50 per cent, relative humidity (R). The quantities (A)
and (m) therefore need not be further considered.
The pore space as measured by the shrinkage experiment is not that
of the soil in its normal state, but of a well-kneaded block. A measure-
ment of pore space and the related quantities of real and apparent
specific gravity in conditions similar to the field state was developed by
one of us in an earlier paper (21), working with a series of successive depth
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samples of one soil, that were gently packed into small vessels perforated
at the bottom, and placed in water. In these preliminary measurements
the percentage of clay appeared to be inversely related to the apparent
specific gravity and directly related to the pore space. Marchand(22),
using the same method, did not confirm the former result with a series
of Transvaal soils, but he did obtain a high correlation between clay and
pore space.
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Organic carbon content
Pig. 1. Relation between organic carbon content and decrease in pore space
after peroxide treatment.
In the present work there is no such relation between clay content
and pore space in the dried plastic block, either for the original or the
peroxide samples. It is evident that the thorough kneading tends to
break down any compound particle structure and to encourage the
individual grain to slip into closer packing. The bulk of the values for
pore space fall around the average of roughly 26 per cent., although the
clay and the organic matter contents vary widely. It is significant that
the pore space of the peroxide treated soils is lower than that of the
original samples in every case except two, and one of these (kaolin) is
well within experimental error. This decrease may be attributed in a
general way to the removal of the humified organic matter, permitting
the individual mineral particles to slip into even closer packing than
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before under the influence of the thorough kneading. The average
reduction of pore space is 4-5 per cent. The reduction for the individual
soil has been compared with the difference in the ignition values for the
original and peroxide treated samples, which is a measure of the amount
of humus removed by peroxide, but the correlation is hardly significant;
the values for at least 10 of the soils fall widely away from the mean
curve connecting the two variables. The figures for the organic carbon
content of a certain number of the soils are available, and these show a
close correlation with the decrease in pore space (Fig. 1), but the possi-
bility that the complete series would show no better correlation than
that of the ignition loss cannot be ignored. In any case the behaviour
of the highly organic soils such as No. 36 (St Osyth Marsh top soil)
requires further investigation: the pore space is increased from 21-9 to
25-6 per cent, after the action of peroxide.
(a) General examination of data.
The results of the complete examination of the associations between
the different quantities can be expressed as correlation coefficients.
From the scatter diagrams it appeared that the most important
quantities were the percentage of clay (0), the moisture content at
50 per cent, relative humidity (R), the loss on ignition (/) and the
sticky point (S).
Taking these in pairs, six correlations are possible, whose values are
shown both for original and peroxide treated samples in Table III.
Table III . Correlation coefficients between pairs of quantities.
B.
Peroxide treated soil
0
I
R
I
•364
A.
Original soil
B
•719
•388
S
•317
•865
•503
I R S
C 662 -760 -675
/ — -386 -879
R — — -584
All these coefficients are definitely significants; the lowest (ros = 0-317)
has a probability of more than 50 to 1. The table expresses the fact that
in general the heavy clay soils have the highest ignition losses, moisture
contents, and sticky points. It is significant that while four of the
relationships are not appreciably altered by treatment of the soil with
peroxide, the remaining two, connecting the clay content (C) with loss
on ignition (/) and sticky point (S), are definitely increased. A closer
1
 The method followed is given in Statistical Methods for Research Workers, R. A. Fisher.
(Oliver and Boyd, Edin. 15s.)
https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0021859600009321
Downloaded from https://www.cambridge.org/core. BBSRC, on 28 Nov 2019 at 14:24:20, subject to the Cambridge Core terms of use, available at
750 "Single Value" Soil Properties
relation between C and I would certainly be expected, as with the
removal of humified organic matter from the soil by peroxide the ignition
loss will fall mainly on the clay fraction. The increased correlation
between C and S indicates that the sticky point value is controlled both
by the organic matter and some property related to the clay content.
This point is returned to in more detail below (Section 5 (c)).
The highest correlations are between C and R, and between S and / ;
this is especially the case with the original soils. Taking partial correlation
coefficients the association can be found between R and C when / is
eliminated and between S and / when C is eliminated. The results are:
rSIX = 0-843,
On the other hand the association between R and / when C is eliminated
and between S and G when I is eliminated are practically negligible:
rSCil = 0-155.
These four results lead to the important conclusion that the value
of the sticky point is largely controlled by the material in the soil that
is driven off by ignition, while the moisture content in the soil at half
saturation vapour pressure (a value that is close to the "air"-dry
moisture content) is controlled much more by the clay content as
determined in a mechanical analysis.
Further confirmation of this distinction is afforded by the negligible
correlations between I and R when S is eliminated and between S and C
when R is eliminated:
'«, .*= 0-015.
The association of the water contents represented by R and S mainly
with the clay and ignitable material respectively, points to a difference
of degree if not of kind in the manner in which the water is held in the
two cases. In conformity with both direct and indirect measurements
of vapour pressure of moist soils (13 a, 13 c), the moisture represented by
R may be regarded as held in the minute interstices and capillaries
between the clay particles, while the moisture content £ is held by the
colloidal material which includes the organic colloids of the humic
material and the inorganic colloids of the clay fraction. It should be
unnecessary to point out that there is no sharp line of separation between
the two water contents, as quite apart from other considerations, this
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would imply that only the two quantities—clay and loss on ignition—
were influencing the results. As it happens, the correlation between S
and R is still just significant when both C and / are eliminated:
'BILXO =
However, the value of S obviously includes that part of the water held
in the clay capillaries; if instead of S and R we obtain the correlation
coefficient between (S — R) and R, with I and C eliminated as before,
the value falls below the level of significance:
The high correlations between C.and R, and I and8, therefore indicate
a close causal association between the units of each pair of quantities.
The above conclusions are generally borne out by the partial corre-
lations for the peroxide treated samples. These are given in Table IV, in
which the values for the original soils are repeated for comparison.
Table IV. Partial correlation coefficients.
Original soils Peroxide treated soils
rSi.n
rca.i
rCs. i
TIB It
•843
•G73
•155
•194
•782
•729
•260
•303
Two other points of interest emerge from the comparison. In the
original soils there is no apparent connection between I and R when C
is eliminated, while in the peroxide treated sample the correlation is just
significant (0-303). A possible explanation lies in the fact that in each
case the ignition loss includes about the same amount of "constitutional
water" from the clay, which in the case of the peroxide treated samples
forms the main contribution to the total ignition loss. It is reasonable
to suppose that the "constitutional water" is related to the colloidal
properties of the clay and therefore to its minute capillary or reticulate
structure, in which the equilibrium moisture content denoted by R is
retained. Hence a correlation between I and R would be expected when
the so-called constitutional water forms an appreciable fraction of the
total ignition loss.
The second point to be noted is that the high correlation between
0 and S for the peroxide treated soils (Table III B) is reduced below
the level of significance when the partial correlation coefficient between
C and S eliminating I is obtained.
(b) Relation between organic matter and single value determinations.
The contribution of the organic matter in the soil to the various
single values can now be discussed in more detail. In the first place the
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relation between the difEerence in the ignition losses for the original and
peroxide treated soils (/„ — IP) and the actual organic matter content of
the soil must be considered. As already mentioned a certain number of
determinations of total carbon by the wet combustion method are
available. The results, corrected for carbonate carbon, are shown in
Table V, together with the total organic matter calculated on the con-
ventional basis by multiplying the corrected carbon figure by 100/55.
Table V. Relation between carbon content and ignition losses.
Difference in Total carbon Carbon content Total
loss on ignition content, % on excluding oar- organic matter
Soil
1
2
3
4
5
6
1
9
11
12
14
15
16
17
18
19
20
3C
(Vp)
3-2
4-78
515
208
1-46
2-27
0-60
2-99
2-48
3-88
1-35
1-53
-1-21
5-28
-0-52
1-78
5-53
9-74
air-dry soil
2-59
•4-37
3-53
1-61
0-88
1-43
0-56
2-81
1-51
4-14
2-95
0-95
2-56
1-42
0-54
1-41
3-20
8-64
bonate carbon
2-51
4-37
3-53
1-61
0-88
1-43
0-56
2-59
1-51
410
2-95
0-95
0-28
1-28
0-29
0-96
3-20
8-64
(carbon x !
4-56
7-95
6-41
2-92
1-60
2-60
102
4-71
2-75
7-45
5-36
1-73
0-51
2-33
0-53
1-75
5-81
15-70
It is evident, from Table V, that the difference in ignition values
before and after peroxide treatment is in general less than the total
organic matter, if the values for the latter can be assumed as approxi-
mately correct. The relation between total organic matter and (Io — Iv)
is shown in Fig. 2, which suggests that about 75 per cent, of the total
organic matter is represented by (Io — Iv), or, in other words, is removed
by peroxide treatment of the soils. The value agrees with estimates of
other workers and will be adopted in the present paper. As it is not
possible to give organic carbon values for all the soils it is desirable to
point out that the fairly close relationship shown in Fig. 2 may not hold
for the whole series for the reason already mentioned at the beginning
of this section (p. 748).
(c) Physical significance of the sticky point value.
As the sticky point (S) is largely controlled by the ignitable material
there should be a close correlation between the drop in its value as a
result of peroxide treatment (So — Sj,) and the values of (/„ — /„). This
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is so; the correlation coefficient between the two variables is 0-815. The
sticky point is closely associated with the organic matter removed by
peroxide and the ability to form an estimate of the actual amount so
removed enables us to examine the relative contribution to the sticky
point value of other factors besides organic matter. If we take the
peroxide treated series we find, as already shown in Table III B, that
the clay content C, and the sticky point Sp, are connected. The relation-
ship is shown graphically in Fig. 3. Except for the four Craibstone soils
o
o
o
6h
 o
a
o 4
3
J I I 1 I I
0 2 4 6 8 10 12
Difference in ignition loss of original and treated soil
Fig. 2. Relation between total organic matter and difference in ignition loss of original
and peroxide treated soils. •
(Nos. 12, 13, 14, 15) and the highly organic marsh top soil (No. 36),
whose sticky points are higher than the clay content would lead one to
expect, the connection between the two variables is quite close, and can
be represented quite fairly as linear. The line cuts the axis of SP at about
16 per cent, moisture content.
This value represents the moisture content not associated with
colloidal material, but present in the interstices of the plastic soil, i.e.
the moisture content that would be held by a mass of sand worked up
with water until its cohesion was about to disappear. The value of
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16 per cent, is very close to 14-6 per cent, which is the calculated moisture
content of an ideal soil in closest packing whose pore space is filled with
water (23). The pore space of the ideal soil in closest packing is 26 per cent,
and we have already seen that the average pore space for the original
48
44
36
=3 32
28
S 24
g 200-
o
12
O
o o
C
*QD O O
CD
I I I I I I I I I I I I I I I
0 16 40 48 5624 32
Clay content
Pig. 3. Relation between clay content and sticky point of peroxide treated soils.
and peroxide treated samples is about 26 and 22 per cent, respectively.
The process of kneading the soil in a sticky point determination produces
a kind of statistical approximation to the condition in the ideal soil as
far as the pore space is concerned, and hence we may with confidence
identify the above mentioned moisture content of 16 per cent, as that
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which occupies the pore space and is unassociated with colloidal material.
This result is of interest in its bearing on Hardy's earlier work on West
Indian soils (12). He developed the equation
M.H.C. = 23-5 + S,
where M.H.C. = the moisture holding capacity,
23-5 = the film water,
S = total colloidally imbibed water,
which is identified with the sticky point determination on the assumption
that, at the sticky point, the swollen colloidal material occupies all the
space between the mineral grains. In a later paper (24) he recognised that
the moisture content of the sticky point is not all associated with the
colloidal material. On the basis of ideal soil calculations already de-
scribed (23) the value of one-fifth, or 20 per cent, by weight, is taken as the
intersticial moisture content for a coherent sand. The experimental values
of S are therefore reduced by a figure equal to one-fifth of the percentage of
sand present in the soil and the value (S — % sand/5) taken as a measure
of the water held by. the colloidal material; Hardy suggests that this
value is an index of soil texture and of use in soil survey work. Wilsdon (25)
gave reasons for assuming that the ratio of the colloidally held water to
the hydroscopic coefficient measured the vesicular coefficient of the soil
colloids. Hardy's original and later postulates give respectively S/H
and [S — (% Ba,nd)/5yH for this value, while the results given in the
present paper lead to (S — 16)/H. In Table VI A and B these three
ratios are compared for two series of experimental values given by
Hardy.
The values for the modified ratios are naturally lower than those for
S/H, since in each case the numerator of the fraction is reduced. Their
values are also much steadier than those of SjH. Thus in Table VI A,
values of S/H are higher for siliceous soils (top of table) than for laterites
(lower half of table), as pointed out by Hardy, but this possible distinction
is not borne out by the values of (S — 16)/ff, which with three exceptions
are singularly uniform. Similar results are shown in Table VI B.
Taking the whole data the value of (S — 16)/H lies, with rare ex-
ceptions, between 2 and 4. There are obvious limitations to the signi-
ficance of this result, apart from the indefinite nature of the hygroscopic
coefficient. Nevertheless, it is suggestive, and worthy of further attention.
A variation in the numerical value of the vesicular coefficient would be
expected in view of the known differences in composition of colloidal
material from one soil to another. At the same time the variation in
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SjH seems larger than would be anticipated having regard to the smaller
range of variation in other physical and physico-chemical properties over
a wider range of soil types than those examined by Hardy, and hence the
range of variations given by (S — 16)/H appears more probable.
Table VI. Comparison of values for vesicular coefficient.
A. Hardy's data (12) B, Hardy's data (24)
77
2 0
4-4
5 1
6-8
7 1
8-5
7-2
8 1
11-5
11-9
12-3
12-7
13-4
13-5
141
15-5
17-8
16-6
20-6
16-4
18-7
s
17-7
25-2
26-4
33-3
35-4
37-2
33-7
37-5
451
42-0
45-6
49-1
441
49-8
46-9
54-5
59-3
57-2
488
610
209-6
S/77
8-8
5-7
5 1
4-9
4-9
4-4
4-7
4-6
3-9
3-5
3-7
3-9
3-3
3-6
3-3
3-5
3-3
3-4
2-4
3-7
11-2
(S-16)/77
0-85
2 1
2 0
2-5
2-7
2-5
2-5
2-7
2-5
2-2
2-4
2-6
2 1
2-5
2-2
2-5
2-4
2-6
1-3
2-7
10-3
77
3 0
9 0
4-7
7-3
9-6
10-3
110
12-7
4-0
3-6?
3-8
7-6
2-7
4 0
5-6
3-9
11-3
12-2
8-8
8-0
3-3
11-6
10-2
8-9
s
281
47-8
35-3
42-4
44-7
46-5
53-8
51-5
250
30-8
28-2
42-1
260
280
42-9
28-9
45-7
49-2
461
40-9
26-9
49-6
41-8
401
S/77
7-8
.5-3
7-5
5-8
4-7
4-5
4-9
4 1
6-2
8-6
7-4
5-5
9-6
7 0
7-6
7-4
4 0
4 0
5-2
5 1
8-1
4-3
4 1
4-5
(S-lC)/77
3-4
3-5
4 1
3-8
3 0
3 0
3-4
2-8
2-3
4 1
3-2
3-4
3-7
3 0
4-8
3-3
2-6
2-7
3-4
3-2
3-3
2-9
2-5
2-7
%sand)/5
77
4-8
4-8
5 9
5'2
4-4
4-2
4-6
3-8
3-2
5-6
4-7
4-3
4-7
4-8
5-7
5-6
3-8
3-9
4-8
4-5
5 0
4 0
3-5
4-0
If we assume that the value of the sticky point determination is the
additive effect of (1) the 16 per cent, of water held in the interstices,
(2) the water held by organic colloidal material, and (3) water held by
inorganic colloidal material associated mainly with the clay fraction, it is
possible to obtain a rough estimate of the relative contribution of items
(2) and (3). The colloidal organic material is taken as that removed by
peroxide treatment as the remainder is structural organic matter and
probably without much direct effect on the sticky point; its value is
therefore (/„ — /„). There is no obvious measure of the inorganic colloidal
material; it might be regarded as proportional to the total amount of
clay, to the clay surface, or to the loss on ignition of the mineral part of
the soil. The last value has been adopted, and taken as the ignition loss
of the peroxide treated soil less the organic matter still present. On the
assumption that (Io — /„) represents three-fourths of the total organic
matter, the amount still present after peroxide treatment is evidently
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The sticky points of the original and peroxide treated soils are
respectively:
5, = 16+ /3(/,-J (/„-/„)),
where a and j8 represent the amounts of water associated with unit
weight of organic and inorganic colloidal material respectively.
The mean value of /? is obtained from the slope of the best straight
line through the scatter diagram for the two variables in the second
equation. Subtraction of the second equation from the first gives
{80-8,) = a{I0-I,),
from which a is similarly obtained. In this case the points are rather
widely scattered and the value of a is approximate. The values of a and
/? are respectively 3-3 and 2-8 so that the equation for the sticky point
becomes
So = 16 + 3-3 (7. - / , ) + 2-7 (7, - 1 (7, - /„)).
The experimental values for So and those calculated from this equation
are given in Table VII.
Table VII. Comparison of calculated and experimental
values for sticky point of untreated soils.
S exptl. - S exptl. -
Soil
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
S calod.
351
4 7 0
41-4
26-2
24-3
241
30-3
341
41-3
32-4
24-7
39-6
37-8
401
25-4
(51-8)
45-5
(38-0)
41-6
41-3
S exptl.
34-3
56-7
460
27-3
19'7
22-3
26-8
301
28-8
29-3
27-4
44-7
431
369
222
350
38-8
391
33-7
45-4
iS calod.
-1-8
9-7
4-6
11
- 4-6
- 2-8
-12-5
- 4 0
-12-5
- 31
2-7
5 1
5-3
- 3-2
- 3-2
(-16-8)
- 6-7(11)
- 7-9
4-1
Soil
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
S calcd.
(49-3)
35-8
27'1
35-4
32-9
49-5
56-9
30-8
310
300
27-3
27-7
24'2
29-2
280
69-7
39-5
384
33-3
S exptl.
40-6
29-8
21-4
37-2
370
331
30-8
26-8
30-8
29-9
27-4
26-9
22-7
31-9
28-8
77-6
50-7
39-7
40-1
( - 8-7)
- 60
- 5-7
1-8
4 1
-16-4
- 2 6 1
- 4-0
- 0-2
- 0 1
0 1
- 0-8
- 1-5
2-7
0-8
7-9
11-2
1-3
6-8
The agreement between experimental and calculated values is not
good, and in fact only a qualitative agreement would be expected in
view of the variety of assumptions made, and the experimental error in
measuring the sticky points and the ignition losses. No attempt has
been made, at this stage of the work, to improve the agreement by
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altering the values of a and /?. Their values indicate that unit weight of
organic colloid takes up (4/3) x 3-3, i.e. 4-4 times its own weight of water,
while the corresponding figure for the inorganic colloid is 2-7. These re-
sults show, therefore, that organic colloids take up slightly over 60 per
cent, more water than an equal weight of inorganic colloids, when the
latter are estimated in the manner suggested above. If, however, the
clay content, C, be taken as a measure of the inorganic colloids in the
above equations, the coefficient is found to be 0-5, which is only one-
ninth of the coefficient for the organic colloids: a value in accordance
with our knowledge of the relative efficiencies of the clay fraction and
organic matter as water retaining colloids.
Table VIII. Comparison of sticky point determinations
by two workers A and B.
Original samples Peroxide treated samples
oil
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
t
Worker A
34-3
56-7
460
27-3
19-7
22-3
26-8
30-1
28-8
29-3
27-4
44-7
431
36-9
22-2
35-0
38-8
391
33-7
45-4
40-6
29-8
21-4
37-2
370
33-1
30-8
26-8
Worker B
25-5
52-1
35-8
24-6
190
22-3
25-4
26-3
28-0
25-7
28-5
41-5
40-2
36-9
21-5
400
48-3
38-7
42-0
44-0
35-6
31-4
22-9
310
28'8
27-2
261
25-9
.
A-B
8-8
4-6
10-2
2-7
0-7
0 0
1-4
3-8
0-8
3-6
- 1 1
3-2
2-9
0 0
0-7
- 5 0
-9-5
0-4
-8-3
1-4
5 0
- 1 6
-1-5
6-2
8-2
5-9
4-7
0-9
Worker A
19-8
30-0
29-5
22-2
17-2
16-6
270
29-4
27-4
21-2
220
27-9
24-8
33-8
201
37-2
33-7
400
35-7
28-3
43-5
20-9
19-5
27-4
320
30-3
29-4
231
27-8
23-7
24-3
18-8
20-7
21-9
25-1
46-6
33-6
29-3
29-2
Worker B
217
30-8
28-6
22-9
17-6
14-9
26-5
26-4
26-3
21-7
21-2
22-3
221
28-9
17-8
36-4
32-7
38-9
33-2
23-3
33-5
17-8
17-8
23-9
26-6
23-8
23-3
21-5
23-3
22-1
22-2
18-2
190
20-8
21-9
39-4
36-3
27-4
30-9
A-B
-1 -9
-0 -8
0-9
- 0 7
-0-4
1-7
0-5
3 0
1 1
-0-5
0-8
5-6
• 2-7
4-9
2-3
0-8
1 0
1 1
2-5
5 0
10-0
3 1
1-7
3-5
5-4
6-5
6 1
1-6
4-5
1-6
2 1
0-6
1-7
1 1
3-2
7-2
2-7
1-9
1-7
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(d) Accuracy of the sticky point determination.
As already mentioned in Section 4, the recognition of the sticky point
appears to present no difficulty after a little experience of the method has
been gained. Nevertheless a certain amount of personal judgment is
74
66
58
« 50
i
34
26
18
to
WorkerA
+ - B
V/H
37 22 27 14 36
Soil number
Pig. 4. Values obtained for sticky point of various soils by four workers.
involved and if the determination is to be generally adopted, some idea
of the variation due to the personal equation is desirable. The sticky
point determinations on the whole of the peroxide treated samples, and
on 28 of the original samples were therefore independently repeated by
another worker. The results are shown in Table VIII.
It is evident that worker A generally obtains a higher value, and with
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a few exceptions, that the differences are small. Taking the 67 pairs of
parallel determinations the differences are distributed as follows:
A~B
No. of soils
0-1
16
1-2
17
2-3
7
3-4
7
4-5
4
5-6
6
6-7
3
7-8
1
8-9
3
9-10
1
10-11
2
Thus in 33 cases (one-half of the total) the divergence is less than
2 per cent, moisture content, while in 51 cases (three-quarters of the
total) it is less than 5 per cent. Some of the larger discrepancies are
probably due to experimental error, e.g. peroxide treated kaolin (soil
No. 21). Others are on heavy clays of an exceptional nature (Nos. 17
and 19). It is suggestive that in friction measurements with heavy clays
Haines (26) obtained two maxima, corresponding to (a) a clean cut with
a knife through the plastic mass, and (b) a state of incipient "flooding,"
in which the soil is just beginning to stick to external objects; it is
possible that some similar effect explains the larger discrepancies here
considered.
A further examination of the variation due to individual judgment
was made with the help of two further workers, C and D. Twelve
representative soils of the series were selected, and these two workers
repeated the sticky point determinations. The experiment was made
some considerable time after the work discussed in this paper had been
concluded, and the workers 0 and D had only the written instructions
for the sticky point determinations to guide them and had no previous
experience with the method. Their results, and those of workers A
and B for the same soils are set out diagrammatically in Fig. 4. It is
evident from the figure that the trend of the results is the same in all
cases, but, as with the more complete series of results for workers A
and B, there are differences on individual soils. There is every reason to
believe that the differences shown in Fig. 4 would be appreciably reduced
after a little further experience1.
6. SCOPE OF SINGLE VALUE DETERMINATIONS.
The investigations discussed in this paper are not to be regarded as
exhaustive, but rather as a preliminary study of the possibilities of
simple single value determinations. The results are encouraging; the
close association between the sticky point and colloidal material, and
1
 Later work, carried out by one of us (J. B. H. C.) on a number of South African
soils will be discussed in a subsequent paper. It may be remarked here that replication
of sticky-point measurements by two independent workers has been satisfactory—e.g. on
15 soils the average difference (neglecting signs) was 1-7 per cent., and there was no evi-
dence that one worker obtained consistently higher values than the other.
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between the moisture content at 50 per cent, relative humidity and the
clay, strongly suggests that these two single value determinations are
measuring soil properties that are reasonably distinct from one another.
The determinations should therefore be correspondingly more useful, as
coupled with a mechanical analysis, they enable soil to be specified from
three different aspects. Again, repetition of the sticky point and ignition
loss on peroxide treated soil gives additional information, offering the
possibility—that needs further examination however—that the relative
effects of organic and inorganic colloidal material can be distinguished.
There is urgent need for the adoption of additional methods of this
nature. Under the impetus of the Russian school, soil classification and
survey work have acquired a new and logical basis. The description of
the soil profile however is still based very largely on a visual examination,
and as long as this is so, a more detailed classification within any main
soil type must remain qualitative, and dependent on the personal
judgment of the observer. It appears that the single value measurements
discussed in this paper are worth consideration as possible routine tests
in connection with soil classification.
Apart from this, the methods have obvious application to the
important physical and physico-chemical aspects of soil cultivation; this
is now being followed up.
Further experience of the methods in the hands of different observers
and on a wide range of soils is an essential preliminary to their general
adoption. This has been arranged: the First Commission of the Inter-
national Society of Soil Science decided at the Congress in Washington
in June 1927 to organise an extensive series of co-operative experiments
to this end, and the results will be reviewed at the next meeting of the
Commission in June 1929.
7. SUMMARY AND CONCLUSIONS.
Numerous attempts have been made to devise an experimental
method that, applied to a variety or a series of soils, enables them to
be placed in an order closely reflecting their field behaviour or their most
important physical characteristics. They are called "single-value"
determinations as they endeavour to specify the soil by a single number,
in distinction to the group of figures obtained, for example, from a
mechanical analysis. A number of these methods are discussed in the
present paper which contains an account of a detailed investigation on
39 soils of certain single value determinations.
The methods selected for study were chosen because (i) they required
Journ. Agric. Soi. xvm 49
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only simple apparatus, and (ii) they appeared to be related to some
distinct soil characteristic.
The list of measurements was as follows:
Percentage of clay.
Moisture content of soil in equilibrium with atmosphere of 50 per cent,
relative humidity (the ordinary "air-dry moisture content" which was
also determined, is close to this value).
Ignition loss of the dried soil.
Moisture content at the "sticky" point, which is denned as the point
at which a thoroughly kneaded plastic mass of the soil is just about to
stick to the fingers or to a knife.
The method of volume shrinkage developed by Haines was used to
obtain the following additional quantities:
Moisture content of the saturated plastic block (this value closely
approximates to the sticky point).
The pore space, true and apparent specific gravities of the oven-dried
block.
The calcium carbonate present in each sample was determined, and
on a number of the soils, total carbon content was also determined by
the wet combustion method.
The most important feature of the present investigation was the
repetition of the above measurements after the soils had been treated
with hydrogen peroxide. Considerable experience of the effect of
hydrogen peroxide on soil is now available owing to its inclusion in the
Official British method of mechanical analysis, and our present knowledge
indicates that it removes the humified and non-structural part of the
organic matter without exercising more than a small solvent effect on
the mineral portion of the soil. It has been assumed in the present
investigation that the physical properties of the mineral portion are not
appreciably altered by the peroxide. A comparison of the results for the
original and peroxide treated soils tlnis gives an opportunity of comparing
the relative contribution of the organic and the mineral portion of the
soil to the single value measurements examined.
The main results obtained are set out below.
1. In spite of wide variations in clay and organic matter content the
pore space of the kneaded blocks when oven dry fall closely around a
mean figure of 26 per cent. This is reduced by 4-5 per cent, on the
peroxide treated soils, and the effect is probably due to the ability of the
grains to slip into closer packing under the influence of the thorough
kneading, when the organic matter has been removed by the peroxide.
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For the whole series of soils, however, the reduction in pore space is not
related in a simple manner to the amount of organic matter removed. It
is interesting to note that the pore space in the blocks of natural soils
approximates to that of an ideal soil in closest packing (26 per cent.).
Hence the process of kneading the soil in a sticky point determination
produces a kind of statistical approximation to the ideal soil as far as
total pore space is concerned.
2. Treatment with peroxide removes about 75 per cent, of the total
organic matter present in the soil.
3. Correlation coefficients obtained for the various pairs of quantities
examined express the general fact that the heavy clay soils have the
highest ignition losses, moisture contents and sticky points.
4. An increased correlation between clay and sticky point for the
peroxide treated soils suggests that the sticky point value is controlled
both by the organic matter and some property related to the clay
content.
5. When the associations are further examined by partial correlation
coefficients, the sticky point is shown to be largely controlled by the
colloidal organic and inorganic colloidal material, while the moisture
content at 50 per cent, relative humidity is largely controlled by the
actual clay content. There is independent evidence that this moisture
is held in the minute interstices between the clay particles.
6. The sticky point approaches a lower limit of about 16 per cent,
moisture content with very sandy soils containing little organic matter.
This value is close to 14-6 per cent, which is the saturation moisture
content of an ideal soil in closest packing, and it has already been shown
that the pore space of this ideal soil and of the kneaded blocks of actual
soil have approximately the same value. Hence the value of the sticky
point moisture content is made up of (a) 16 per cent, of water held in
the pore space, unassociated with colloidal material, and (b) water
associated with inorganic and organic material. The division of the latter
quantity into water associated with organic matter and inorganic clay
colloids can be very approximately effected by assuming (i) that the
difference between ignition losses of original and peroxide treated soil
measures the effective organic matter, and (ii) that the ignition loss of the
peroxide treated soil (less the organic matter still present) represents the
clay colloid. On these assumptions it appears that the organic colloid
takes up about 4-4 times its own weight of water, and the inorganic clay
colloid 2-7 times its own weight. The approximate nature of the com-
parison must be emphasised, owing to the limitations in the assumptions
49-2
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764 "Single Value" Soil Properties
on which it is based. If the actual clay content be taken, instead of the
ignition loss of the peroxide treated soil, as a measure of the inorganic
colloid, the clay on a unit weight basis is only one-ninth as effective as
the organic matter.
7. Measurements of the "vesicular coefficient" and "index of texture"
made by Hardy are re-examined, allowance being made for the 16 per
cent, of water not associated with colloidal material.
8. A comparison is made of the variation of sticky point deter-
minations made by different workers and it is shown that satisfactory
agreement can be secured after a little experience of the method.
9. The importance is stressed of introducing single value methods as
an adjunct to the modern system of soil classification, and into soil
physics.
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